Abstract: For precise indoor localization accurate synchronization is necessary. In this paper we propose a new synchronization method for direct sequence spread spectrum modulation based systems, which enables a more accurate correlation peak detection. We provide comprehensive statistical analysis and numerical results for the decision error probability assuming both coherent and non-coherent receiving via an AWGN channel. The essence of the proposed method is the two overlapping correlators, which allows taking into account the statistically not independent noise components to reduce the error probability of the correlation peak detection.
Introduction
The evolution of communication technologies is driven by the continual increasing demand for higher data rates, lower latency and more reliable connection [1] . For proper operation appropriate synchronization, i.e. precise timing and carrier synchronization is needed. This is particularly necessary for such network service as the localization. There are a couple of techniques for positioning [2] , e.g. AoA (Angel of Arrival) [3] - [5] , TDA (Time of Arrival) [6] - [8] and TDOA (Time Difference of Arrival) [9] . In these localization techniques the accuracy of positioning is closely related to the accuracy of synchronization. A widely used implementation of such localization system is based on WLAN (Wireless LAN), which can use DSSS (Direct Sequence Spectrum Spread) modulation. However, the IEEE 802.11b,g standards are designed for data transmission, therefore the synchronization precision of these systems are not satisfy the requirements of the aforementioned localization techniques. In this paper we focus on a new synchronization method based on the socalled sliding-and-tracking correlators. These operate with two overlapping time windows during the measurement, hence there will be some components of the received signal, which are observed twice. In case of the conventional sliding correlator these components are treated as independent RVs (random variables), however in our case they are correlated ones. Thus, using this property during the calculations enables to enhance the error probability of correlation peak detection.
The paper is organized as follows. Section 2 introduces the system model, i.e. the direct sequence spectrum spread system. Then Section 3 describes our calculations of error decision probability for sliding-and-tracking and sliding correlators using non-coherent and coherent receiving, respectively. Numerical results are presented in Section 4. Finally, Section 5 concludes the paper.
System model
The idea of DSSS is to multiply the data wanting to transmit with a pseudo random binary sequence of a higher bit rate [10] . The pseudo random binary sequence (PRN) and the bit rate of the sequence are known as chipping sequence and chipping rate, respectively. Such multiplication leads to being the data unrecoverable without knowing the chipping sequence. A PRN sequence should have the following two properties in order to be used by a DSSS system. Firstly, the sequence should be balanced. This means that the difference between the number of zeros and ones in the chipping sequence should be less or equal to one. Secondly, the autocorrelation function of the sequence should be close to zero everywhere except at zero shift.
After the multiplication the resulted signal are modulated and transmitted to the receiver.
The receiver of a DSSS system demodulates the signal, then it multiplies the received data with the PRN sequence generated by itself. When the sequences of the transmitter and the receiver are identical and synchronized in time the correlation function generates a significant spike if the transmitted bit was one, and a similar sized, but negative spike if the transmitted bit was zero. If the sequences are not the same or not synchronized in time the correlation stays close to zero due to the second property.
In the following the non-coherent and coherent synchronization systems will be described, respectively. In both cases we suppose that the transmitter sends a training sequence, e.g. ones to the receiver, via an AWGN channel as long as the synchronization is not finished. A. Non-coherent synchronization system using training sequence Figure 1 shows the non-coherent synchronization system using training sequence. The lowpass equivalent complex valued representation of the received signal rekv(t) and its τ delayed equivalent rekv(t+τ) are multiplied with the local chipping sequence g * c1(t). The results are integrated on the symbol time Tc getting v1(0) and v1(τ), respectively. Then the absolute values' square of these signals are calculated resulting z1(0) and z1(τ) as the correlators' outputs and compared at the end.
The task of the receiver is detecting the correlation function maximum at τ = 0 position. This means non-coherent measuring of the correlation function's values belonging to 0 and τ delays, then deciding on the greater of them. Now, we focus on the statistical properties of this system in two scenario.
In the first scenario we suppose that 0 and τ delays of the training signals are generated in overlapping time windows, i.e. we use two correlators, a sliding and a tracking correlator at the same time. This is depicted in Figure 2a . The integration domain of the correlators are normalized to [-Tc/2, Tc/2), but we assume for practical reasons that the incoming signal of one correlator is received in proper synchronposition and the other correlator gets it with τ delay. In this case the two kinds of correlation calculation is evaluated in overlapping time windows, which means that the AWGN noises are not independent from each other, i.e. the results of the correlation are dependent random variables.
In the second scenario we assume that the measurements of 0 and τ delays are performed in non-overlapping time windows, i.e. we use only one sliding correlator for the detection of the maximum position. This case is shown in Figure 2b . The integration domain of the correlators are normalized to the same value as before. We suppose for practical reasons that the incoming signal is received in proper synchronposition in one case and it is received with τ -nTc delay in other case, i.e. the two kinds of correlation calculation is not evaluated in overlapping time windows, thus the results of the correlation are independent RVs.
The synchronization system can be described formally with the following equation: 
where Eb is the symbol energy, n0 and nτ are complex Gaussian distributed RVs with zero mean and 2N0 variance. n01, n02 and nτ1, nτ2 are pairwise independent, real and imaginary part of n0 and nτ with N0 variance.  is the correlation coefficient between n01 and nτ1 as well as between n02 and nτ2.
B. Coherent synchronization system using training sequence
The coherent synchronization system is similar to the non-coherent one, but we assume that the phase position of the signal is known at the time of the symbol synchronization. Therefore the input signals have only real values and only the real part of the additive Gauss noise has effect on the correlators' output signals. Figure 3 illustrates the coherent synchronization system using training sequence. The goal remains the same, the receiver wants to detect the maximum of the correlation function at τ = 0 position, thereby determine the maximum position. This means coherent measuring of the correlation function's values belonging to 0 and τ delays, and deciding on the greater of them. The coherent synchronization system is described as follows: 
Decision error probabilities of the different scenarios
This section introduces only the results of the statistical analysis because of the limitation of this paper. However, the mathematical calculations are described for the non-coherent sliding-and-tracking correlators' case. The steps to determine the decision error probabilities in other scenarios are the same.
A. Decision error probability using non-coherent sliding-and-tracking correlators
To specify the joint probability density function of the correlators' output signal (z1(0) and z1(τ) from (3)) the following transformations are used: 
Using the following transformation With the following transformation
the joint probability density function of X1, X2, 1  and 2  is determined by 
After the evaluation of integration by 1  and 2  , the joint PDF of X1, X2 is given sliding-and-tracking and sliding correlators. It is clearly visible that using sliding-and-tracking correlators (blue, continual lines) has significant benefit in comparison with the simple sliding correlator. The results basically tell, that if there are some dependency between the two measurements, i.e. the noise components of the received signal are not statistically independent, then the sliding-and-tracking correlator is able to use this dependency more effectively to reduce the error probability of the wrong decision than the sliding correlator. Note, that due computational burden there are some inaccuracy in the results (Figure 6-7) when  is close to 1. 
Conclusion
In this paper we proposed the so-called sliding-and-tracking correlators for more accurate correlation peak detection using coherent and non-coherent receiving via an AWGN channel. We provided calculated formulas of the error probability of correlation peak detection. The numerical results focus on the dependence of signal-to-noise-ratio and correlation factors. These show a not negligible gain of the proposed method over the simple sliding correlator. This proves that the probability of wrong decisions can be significantly reduced assuming overlapping, thus statistically not independent noise components during the correlation peak detection.
Future investigation will focus on extending the calculations and results for other spectrum spread modulation based systems.
